To what degree do records registered in the Netherlands Perinatal Registry (PRN) agree with self-report in a study questionnaire on pregnancy outcomes in childhood cancer survivors (CCSs)?
Introduction
Advances in childhood cancer treatment over the past decades have significantly improved survival, resulting in a rapidly growing number of childhood cancer survivors (CCSs). However, in females there is evidence that both chemo-and radiotherapy may adversely affect reproductive function (Bath, 2002; Green et al., 2002; Reulen et al., 2009; Signorello, 2010) . In studies conducted so far, primary outcomes considered in the field of female reproductive function of CCSs after anti-cancer treatment have included ovarian function, premature menopause, uterus function, actual fertility, pregnancy outcomes or a combination of these outcomes. The majority of studies have been large cohort studies in which the outcomes of interest were obtained through interviews or mailed questionnaires. However, the validity of such self-reported data may be limited, and may potentially lead to biased results.
Several studies have assessed the accuracy and validity of selfreported data regarding pregnancy outcomes in healthy women. It appears that correlations between medical charts and maternal selfreport are high for birthweight (BW), gestational age (GA) and method of delivery (Olson et al., 1997; Rice et al., 2007) . Antenatal and perinatal complications and time to pregnancy, however, are reported less accurately (Coolman et al., 2010; Cooney et al., 2009; Olson et al., 1997; Rice et al., 2007) .
We performed a validation study to assess the accuracy of pregnancy outcomes reported by CCSs and sibling controls in a mailed questionnaire.
Materials and Methods

Study population
The current study is part of a Dutch nationwide study on reproductive function, ovarian reserve, premature menopause and pregnancy outcomes in CCSs, the so-called DCOG LATER-VEVO study. The study population, procedures and data collection methods have been described previously in detail (Overbeek et al., 2012) . In short, CCSs eligible for the nationwide study were selected from a cohort of patients treated for childhood cancer at one of the seven Dutch pediatric oncology and stem cell transplant centers between 1963 and 2002. The collaborative group for long-term effects after childhood cancer (LATER) has designed and implemented an electronic database, in each center, which includes patient and treatment details of all patients treated for cancer before the age of 18 years. The inclusion criteria for the DCOG LATER-VEVO study and the current study were identical and were defined as having been treated for a malignancy or central nervous system tumor before the age of 18, having survived for at least 5 years after diagnosis, being alive and being at least 18 years at study entry. The DCOG LATER-VEVO study was limited to female survivors. Women were excluded if they were not able to speak or read Dutch and if they had severe mental sequelae. All CCSs were asked for permission to invite their sister(s) for participation in the control group of the DCOG LATER-VEVO study. Eligible sisters were never diagnosed with cancer, had to be able to read and speak Dutch and had to be 18 years or older. The DCOG LATER-VEVO study consisted of three parts: a questionnaire, the provision of a blood sample and a transvaginal ultrasound of the reproductive organs, with the two latter parts requiring a hospital visit. Eligible CCSs and sibling controls could decide either to refuse or to participate and, in case of participation, whether to take part in one, two or all three parts of the study. Data collection for the current study took place between January 2008 and April 2011. Women were eligible for the present study if they reported in the questionnaire ever having been pregnant. The exclusion criteria were pregnancy terminated before 24 weeks and date of birth of the offspring before 1 January 1985 or after 31 December 2009.
Data collection
For the purpose of the current study, only the questionnaire data were taken into account. The questionnaire is an adaptation of a well-tested questionnaire used by the Department of Epidemiology of the Netherlands Cancer Institute in a Dutch cohort study on long-term effects of ovarian stimulation for IVF (de Boer et al., 2003; van Leeuwen et al., 2011) . The questionnaire addresses (amongst others) the following issues: socio-demographic characteristics, wish to have children and reproductive history, and for each pregnancy, data on maternal age, method of conception, duration of pregnancy, complications, pregnancy outcomes and details of the offspring.
Medical information regarding pregnancy outcomes was derived from the Netherlands Perinatal Registry (PRN), a nation-wide population-based registry, in which data of three medical registries (midwives, obstetricians and pediatricians/neonatologists) are combined. After delivery, standardized digital forms are entered in the nationwide database. These items are recorded by the caregiver, who is provided a standard manual with additional information on the definitions. The data are sent annually to the national registry office, where a number of range and consistency checks are conducted. False records are sent back to the caregiver with a request to correct them. Data in this registry are available from 1985 onwards. As from 1999, the PRN has included 95% of all 180 000 deliveries at .16 completed weeks of gestation in the Netherlands (The Netherlands Perinatal Registry/Stichting Perinatale Registratie Nederland, 2011). The missing 5% is due to the fact that some midwives and general practitioners involved in obstetric care do not provide data for the PRN registry or because the records sent from the midwife practices are not received properly by the PRN. Before 1999, the PRN registry was less complete; however, exact proportions of completeness are not known as these records were not linked to Statistics Netherlands. In the PRN registry, the following variables are recorded: method of conception (natural, hormonal stimulation, IUI, controlled ovarian hyperstimulation, IVF and other), method of delivery, BW (in grams), GA (in weeks) and highest diastolic blood pressure (in mmHg). In the DCOG LATER-VEVO questionnaire, women reported on method of conception (natural, hormonal stimulation, IUI, IVF/ICSI), complications during pregnancy (hypertension and growth retardation of the child), method of delivery (spontaneous, assisted delivery, induction of labor, Caesarean section), date of birth of the baby, GA, sex and BW. All participants gave written informed consent for data abstraction from medical records. The records of self-reported pregnancies from the questionnaire were linked to the PRN by using both the mother's date of birth and the child's date of birth as linkage keys. If linkage led to multiple hits, the sex of the baby and the postal code of the mother were used in an attempt to correctly link self-reported data with PRN data. If it was not possible to link self-reported data with a unique corresponding record in the PRN, the data were not included in the current study.
Statistical analysis
The data were checked for a normal distribution. Data of continuous variables are presented as the mean [standard deviation (SD)] if normally distributed or as the median and interquartile range (IQR) if not normally distributed. In case CCSs and controls were compared, an independent Student's t-test was used when data were normally distributed. MannWhitney U-test was used to compare CCSs and controls when data were not normally distributed. We calculated intra-class correlation coefficients (ICCs) and confidence intervals for the continuous variables, BW and GA. ICCs were calculated using a two-way random effects model. BW and GA were categorized [BW: very low birthweight (,1500 g), low birthweight (1500-2500 g), normal birthweight (2500-4000 g) and high birthweight (.4000 g); GA: preterm (,37 weeks), term (37-42 weeks), and post-term (.42 weeks)]. For BW, GA and method of delivery, the PRN was considered the gold standard. Sensitivity, as well as specificity, was calculated. Sensitivity was defined as the proportion of those with the condition (as defined by the PRN) who are correctly classified by the questionnaire. Specificity was the proportion of those without the condition (as defined by the PRN), who are correctly classified by the questionnaire. For method of conception and pregnancy complications, the PRN could not serve as the gold standard, since these variables are not registered consistently. Therefore, for these variables, only reliability measures were calculated. In order to assess the agreement between self-reported data and PRN data for categorical variables, the proportion of overall agreement and Cohen Kappa statistics were calculated. The proportion of overall agreement, which is the proportion of cases for which PRN and self-report agree, is a crude descriptive measure that is informative, useful and easy to interpret, but does not distinguish between agreement on positive ratings and agreement on negative ratings and does not take into account chance. Therefore we also calculated Kappa values. According to Landis and Koch, variables with values of Kappa .0.75 can be considered as an excellent agreement, values of 0.40 -0.75 as a moderate agreement, and values below 0.40 as a poor agreement (Landis and Koch, 1977) . In case a woman had reported more than one pregnancy, only the first reported pregnancy was used for the calculation of validity and reliability outcomes in order to avoid dependency of observations. To determine which variables were independently associated with overall agreement, multilevel analysis was performed, allowing the correction for the clustering of pregnancies for one woman. Variables included in this analysis were time between delivery and questionnaire, maternal age and educational level. Analyses were performed using SPSS software (version 15.0, SPSS, Inc., Chicago, IL) and MLWin (version 2.24, Centre for Multilevel Modelling, University of Bristol).
Results
During the inclusion period of the current study, 1420 CCSs and 354 sibling controls were invited for the DCOG LATER-VEVO study. In total, 879 CCSs (62%) and 287 controls (81%) returned the DCOG LATER-VEVO questionnaire. In 289 CCSs, 589 pregnancies were reported and 300 pregnancies were reported in 123 controls. There were 160 pregnancies in the survivor group and 67 pregnancies in the control group that had to be excluded because the date of birth was before 1 January 1985 or after 31 December 2009 or unknown and/or the pregnancy was terminated before 24 weeks of GA. This resulted in 429 pregnancies of CCSs and 233 pregnancies of controls included in the study. Linkage to the PRN database yielded 488 unique hits. In 37 cases linkage led to multiple hits in the PRN. All but one could subsequently be identified by the sex of the baby and/or by the postal code of the mother. No matching records were found in the PRN database for 72 pregnancies in the survivor group and 65 pregnancies in the control group. Finally, 357 pregnancies reported by 218 CCSs and 167 pregnancies reported by 105 controls were included in the data-analyses (Fig. 1 ). There were 78 deliveries (28%) of CCSs and 49 pregnancies (29%) of controls which took place before 1999. Of those that could not be linked, 22 (35%) and 17 (39%) pregnancies of CCSs and controls, respectively, took place before 1999. Table I presents the basic characteristics of the CCSs and the controls for the included group as well as of those who could not be linked to the PRN records. The mean ages at completion of the questionnaire (SD) were 34.5 (6.3) and 36.7 (7.0) years for CCSs and controls, respectively, for those who could be included in the validation study (P ¼ 0.03) and 36.8 (7.0) and 38.1 (6.5) years for CCSs and controls who could not be linked to PRN records, respectively. The mean maternal age at delivery (SD) was 29.2 (4.3) years for CCSs, whereas controls were 28.8 (4.0) years (P ¼ 0.47), comparable to the age of those who could not be linked, namely 28.4 (5.1) and 28.3 (4.1) for CCSs and controls, respectively. The median durations (IQR) from child birth to questionnaire were 4.7 (10.7) and 5.5 (14.5) for CCSs and controls, respectively (P ¼ 0.05), whereas in the non-linked group these were 7 (10) and 7 (9.8) for CCSs and controls, respectively.
The ICC between self-report and registry regarding BW was high [0.94 (95% confidence interval: 0.91, 0.96) and 0.87 (95% confidence interval: 0.83, 0.90) for CCSs and controls, respectively]. For GA, the ICC was also high for CCSs (0.88, 95% confidence interval: 0.85, 0.91), but moderate for controls (0.49, 95% confidence interval: 0.32, 0.62).
In Tables II and III , the results of the comparison between selfreported data and PRN data regarding various categorical pregnancy outcomes are presented. For the categories of low and normal BW, the Kappa values in the survivor group were high (0.87 and 0.79, respectively); however, the corresponding values were moderate in the control group (0.42 and 0.61, respectively). The high BW category Validity of self-reported data on pregnancies was scored with a moderate agreement (0.71 and 0.62 in CCSs and controls, respectively). BWs reported in the questionnaire tended to be higher than those reported in the PRN. Of the 23 discrepancies in the survivor group, BW was overestimated by self-report in 19 cases (83%). In the control group, self-report overestimated the BW category in 13 of the 16 cases (81%). For this category, there were no missing values. In both groups, categories of GA were reported with a moderate agreement (preterm delivery: 0.79 and 0.72; term delivery: 0.75 and 0.65, for CCSs and controls, respectively). When evaluating discrepancies between self-report and registry data, GA in the CCSs group was often overestimated in the self-reported questionnaire [13 of 19 cases (68%)]. However, within the control group GA was overestimated as frequently as underestimated (4 versus 4 cases). The Kappa value for method of conception varied largely per method (0.82 and 0.71 for natural conception, 0.56 and 0.66 for controlled ovarian hyperstimulation, 0.81 and 0.85 for IVF/ICSI, for CCSs and controls, respectively). When examining the discrepancies between self-report and PRN with regard to method of conception, no specific direction of misclassification could be discerned in the survivor group or in the control group. Moreover, 49 of the 218 cases (22%) in the survivor group were missing in the PRN registry, 43 of which were self-reported as natural conceptions. For this category in the control group, 33 of 105 cases (31%) were missing in the PRN, of which 32 cases were self-reported natural conception. Validity of self-reported data on pregnancies For the method of delivery, the Kappa values were 0.76 and 0.86 for spontaneous delivery, 0.86 and 0.92 for vacuum or forcipal extraction and 0.81 and 0.77 for Caesarean section in CCSs and controls, respectively. CCSs reported the method of delivery as spontaneous in nine cases, whereas PRN stated additional techniques were used to enable the delivery (vacuum or forcipal extraction or even Caesarean section). Conversely, in 14 cases, the survivor reported an assisted delivery, while PRN records showed a spontaneous delivery. Of the six discrepancies between PRN and self-report regarding the method of delivery in the control group, all were due to controls reporting an assisted delivery, while PRN mentioned a spontaneous delivery. With regard to the method of delivery, 22 cases in the survivor group (10%) and 25 cases in the control group (24%) were missing in the PRN data, 21 (95%) and 25 (100%) of which, respectively, were self-reported spontaneous deliveries. The Kappa values for pregnancy-induced hypertension were 0.59 for CCSs and 0.61 for controls. For this variable there were 27 discrepancies between PRN and self-report in the survivor group and 8 in the control group, the direction of which was non-specific. In the survivor group, 27 records were missing in the PRN, 3 of which were reported as hypertension by self-report. In the control group, 25 records were missing in the PRN registry, one of which was reported as hypertension in the questionnaire.
In Table IV from 89.5 to 100% in CCSs and from 81.8 to 100% in controls. In addition, the influence of educational level, maternal age and the time between delivery and questionnaire on the difference in BW and GA between self-reported and registered data was assessed by multilevel analysis. None of these factors were associated with a less accurate recall of pregnancy outcomes. More specifically, there were no large differences between self-reported and registered data regarding BW and GA with longer time since birth, lower educational level or higher maternal age.
Discussion
In this study, the agreement between self-reported pregnancy outcomes and registry data in female CCSs and controls was examined. Our results show that the validity of pregnancy outcomes reported by CCSs is good for GA and BW. However, sibling controls reported GA with only a moderate agreement. CCSs as well as controls tended to overestimate BW and CCSs more often overestimated GA. Hypertension in pregnancy and controlled ovarian hyperstimulation were reported with moderate-to-good agreement, whereas the method of conception and delivery was reported with a good agreement. The sensitivity and specificity were high for CCSs and controls for BW, GA and method of delivery. A higher maternal age at child birth, a longer time since pregnancy and a lower educational level were not associated with lower agreement in either group. Overall, it seemed that some self-reported pregnancy outcomes of CCSs (specifically birthweight and gestational age) agreed better with the registry data than those reported by controls, indicating a potential source of differential misclassification. This might be due to the increased awareness of late effects and a higher frequency of medical follow-up among CCSs. To our knowledge, no studies have been conducted to assess the validity of self-reported data on pregnancy outcomes in CCSs.
However, with respect to the self-report of late effects in general, it has been found that CCSs report a wide range of late effects in significantly greater numbers than recorded in medical notes (Schwartz et al., 2010; Taylor et al., 2010) . Furthermore, CCSs appear to show a biased response style, indicating a systematic tendency to deny difficulties on QOL measures (O'Leary et al., 2007) . Olson et al. conducted a study in which mothers of CCSs were interviewed on pregnancy and delivery information. The authors concluded that the validity and reliability of maternally reported pregnancy and delivery information may vary with the nature of the factor of interest (i.e. BW, pregnancy complications etc.), but is affected little by time from birth or case -control status (Olson et al., 1997) . In concordance with our study, high correlations for BW and GA were found. However, self-report by mothers of CCSs on pregnancy-induced hypertension and method of delivery had low validity and reliability scores, whereas in our study, there seem to be moderate-to-high agreement scores. The study described by Olson et al. took place in the 80s, whereas our study was conducted .20 years later. The differences in the validity of self-reported data on pregnancy complications and medical interventions may be due to the different time frame in which both studies were conducted. Possibly, the level of communication between the patient and her physician has changed in this period, leading to a better recall of pregnancy complications and medical interventions in our study. Finally, the way in which the method of delivery and medical conditions during pregnancy were questioned may have differed between the study of Olson et al. and our study, which may also have caused differences in accuracy. Rice et al. (2007) evaluated the agreement between maternal report and medical records in women who gave birth to a child following IVF. Correlations between self-report and medical records for BW were comparable to our results. The Kappa value for delivery via Caesarean section, however, was 1.00, in contrast to 0.81 in our study. (Rice et al., 2007) . In accordance with the study of Rice et al., Tomeo et al. and Sou et al. described a validity of 100% for the report of Caesarean sections in a group of women recruited from the general population, whereas induction of labor and forcipal or vacuum extraction were reported less sensitively (sensitivity and specificity of 93 and 86% for induction of labor and 26 and 74% for assisted delivery) (Tomeo et al., 1999; Sou et al., 2006) . When interpreting our results, the limitations of this study should be considered. First, we were not able to link 17% (72/429) of the pregnancies in the survivor group and 28% (65/233) in the control group. In other recent studies, higher linkage rates have been reached (CWPM Hukkelhoven, Perinatal Registry Utrecht, personal communication, 2012) . In these studies, in which recent pregnancies are evaluated, not only date of birth of the child, but also BW, GA and postal code could be used as linkage keys. Due to the objective of our study, i.e. investigating whether self-reported pregnancy outcomes such as BW and GA agree with those in the registry, it was not possible to use these outcomes as linkage keys. Postal code could often not be used, as it was likely that participants who reported a pregnancy from many years ago may have changed address since they were pregnant. It could also be that due to input errors of birth dates, either in the registry or in the self-reported data, some pregnancies could not be linked.
Secondly, the completeness of the PRN could not be assessed precisely, because there is no information on the number of missing records. Records in the PRN database agree with records of Statistics Netherlands for 95% and slightly less in earlier years (The Netherlands Perinatal Registry/Stichting Perinatale Registratie Nederland, 2011). However, the database of Statistics Netherlands can also not be considered complete, as it contains no data on births among women who stay illegally in the Netherlands. In this study, pregnancy records were available from 1985 onwards, and it may very well be possible that many of the older records in the PRN could not be linked due to incompleteness of the registry or due to recall bias of the participants. Indeed, the proportion of records in which date of birth was reported before 1999 was larger for non-linked records than for linked records.
Thirdly, for BW, GA and method of delivery, the PRN database was considered the gold standard. However, 12% of the records of the CCSs and 24% of those of the controls were missing in the PRN with regard to the method of delivery. Agreement on Caesarean section was only 0.77 in controls and 0.81 in CCSs. In other studies, recall of Caesarean section often agrees for the full 100% (Tomeo et al., 1999; Sou et al., 2006; Rice et al., 2007) . It is unlikely that women forget (to report) such an operation. As Kappa values are , 0.8, one could therefore cautiously question the quality of the PRN registry. Unfortunately, input errors in the PRN cannot be excluded, nor can they be quantified, as, for this study, there was no alternative source of pregnancy records available.
Finally, for many cases, the categories of the outcomes 'method of delivery' and 'method of conception' had missing values in the PRN. This can be explained by the fact that providing information on method of conception was only mandatory for gynecologists; for midwives this was optional. This may lead to a differential misclassification, as pregnancies under gynecologic supervision are often more complicated than those supervised by midwives. In this way, it may seem that an alternative method of conception, other than spontaneous, influences pregnancy outcomes and complications.
In conclusion, our results indicate that for the most important outcomes regarding fertility and pregnancy, self-report in CCSs is consistent with registry parameters. The use of questionnaires in CCSs to assess pregnancy outcomes therefore seems justified. However, since we observed differences in accuracy between CCSs and controls, differential misclassification should be considered when interpreting the data. In addition, one should realize that especially BW and GA are more often overestimated in self-reported questionnaires.
